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NO VEL ION-EXCHANGE MATERIALS 

The present invention is concerned with new ion-exchange materials and methods for 
thek preparation and use. Specifically, it relates to microporous materials, more 
5 particularly microporous silicophosphates, having potential application as anibn- 
exchange materials. 

Zeolites which function as molecular sieves are well known from the prior art. 
Typically, these materials comprise crystalline aluminosilicates having a 3- . 

10 dimensional firework linked by comer-sharing oxygen atoms. They are 
microporous Solids having pores which are generally of the size of molecular 
dimensions, typically in the range from 0.4 to 0.8 nm. Other examples of molecular 
sieves include crystalline aluminophosphates and their derivatives, such as the 
silicoaluminophosphates. These materials are all characterised by the fact that the 

15 crystalline framework bears a negative charge, this being balanced by the equal and 
opposite positive charge of a metal or other cation, such as ammonium or hydrogen. 

The existence of naturally occurring zeolites has been known since the 18* century, 
but the first synthetic samples only appeared during the imd-20* century, when the 

20 properties of these materials" first came under scrutiny. In addition to their use as 
molecular sieves, zeolites and other microporous materials have also been employed 
in catalysis. Thus, for example, the use of silicoaluminophosphates as catalysts for 
cracking, alkylation, polymerisation, hydrogenation and the like, as well as their 
function as molecular sieves for purposes such as drying, is disclosed .in EP-B- 

25 103117. Catalytic applications such as this make use ofthe acidity or basicity of the 
material, the nature of this property being determined by the nature of the cation; 
thus, hydrogen ions give rise to acidity in the structure, whereas tiie presence of, for 
example, caesium cations provides a basic product. 

30 The structures of known zeolites are based on anionic crystalline frameworks that are 
charge balanced . with metal cations such as Na""; thus, for example, aluminium 
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silicates comprise • tetrahedra of AIO4" and Si04. These negatively charged 
j&ameworks, coupled with their open pore structures, have rendered such molecules 
particularly suitable as cation exchange materials, and their application in this area 
has been widely reported in many spheres of activity, including waste treatment and 
5 the disposal of radioactive materials. Thus, the preparation of certain metal- 
containing silicoaluminophosphates, and their use as cation exchangers is disclosed 
• . in, for example, EP-A-i 142833. 

" To date, however, no positively charged zeolites, or similar microporous materials, 
10 which might potentially find application as anion exchange materials, have been 
reported in the literature, and there is no evidence of such products ever having been 
successfully synthesised. The present invention, therefore, seeks to overcome the 
previous limitations of the prior art and to provide microporous materials having a 
positively charged framework which can thereby act as anion exchange materials. 
15 . 

Hie present inventors have, indeed, now found fliat by judicious selection of the 
components of the molecule, it is possible to synthesise microporous materials which 
serve as molecular sieves and bear a positive charge. Such materials may be utilised 
as anion exchange materials, and could, therefore, find significant use in a potentially 
20 wide variety of different applications. 

Thus, according to a first aspect of the present invention, there is provided a 
microporous material which comprises a positively charged firamework. 

25 A .particularly preferred structure for providing said positively charged firamework 
comprises a silicophosphate structure. Said silicophosphate structure comprises 
tetrahedra of PO/ and Si04 and the framework thereby bears a positive charge. 
Consequently, it is necessary to provide a negatively charged species to charge 
balance the structure, giving the potential for use as an anion exchange material. 

30 



2 



10 



Furthermore, it is found that the silicophosphate materials are highly crystalline 
solids, shown by X-ray difiraction studies to have the same framework structure as 
AIPO4-I5 and a framework density in the range of 12.5 to 20\5, which is typical of 
zeolite materials. Consequently, the materials have suitable physical and electrical 
characteristics for use as anion exchange materials. 

Hence, a second aspect of the present invention provides for the use of a microporous 
material which comprises a positively charged framework as an anion exchange 
material. 



Typical applications of microporous materials in this context are m the treatment of 
waste materials in effluent streams, facilitating the removal of undesirable anion 
species from solutions. A specific example of a particularly useful application is in 
the treatment of effluent streams encountered in the nuclear power industry, wherein 
15 anions such as pertechnetate, as well ais the more commonly encountered nitrate and 
sulphate, may be removed from the streams. 

Previous ion exchange techniques for the removal of such anions had usually reUed 
on organic anion exchange materials, such as AlOO Puralite™ or Superlig™ 635, 
20 which are inevitably more difficult and expensive to synthesise and offer more 
potential toxicity and environmental problems. Hence the availability of a relatively 
cheap and easily synthesised inorganic anion exchange resin represents a significant 
advance in the state of the art and offers many possibilities for the future. 

25 A third aspect of the present invention provides a method for the synthesis of a 
microporous material which comprises a positively charged firamework, wherein said 
microporous material comprises a siUcophosphate, said method comprising: 
(a) providing a two-phase system comprising: 

(i) an organic phase comprising an organosilicon 

30 compound; 

(ii) an aqueous phase comprising a phosphoric acid; 
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^ (iii) a phase transfer agent; 

(iv) a structure directing agent; and 

(v) a buffering agent; 

(b) stirring and facilitating reaction between the reactants; and 
5 X<^) isolating the product 

Preferably the organic phase comprises au alcoholic phase, a preferred alcohol being 
t-butanol or isoamyl alcohol. The organosilicon compound may be any organosilicon 
compound which contains a suitable labile group capable of reaction with the 
10 phosphoric acid. Specific examples may include tetramethylsilyl halides such as 
tetramethylsilyl chloride or tetramethylsilyl bromide. 

The aqueous phase comprises a phosphoric acid, most preferably metaphosphoric 
acid or polyphosphoric acid. 

15 ' 

Any suitable phase transfer agent of ttie type known to those skilled in the art may be 
employed for the pxirposes of the invention, but particularly effective results are 
obtained using organic sulphonate salts, for example toluene-4'-sulphonate salts such 
as sodium tbluene-4-sulphonate. Materials such as these are able to provide charge 

20 compensation as well as fimctioning as charge transfer agents. 

Suitable structure directing agents preferably comprise cations such as tetraalkyl 
ammonium cations from tetraalkyl ammonium salts such as tetraethyl ammonium 
chloride or bromide.* 
25 . * . 

The system also incorporates a suitable buffering agent, for example an ammoniiun 
salt such as ammonium acetate. 

' The reaction proceeds at a temperature of between 0** and 100**C, preferably between 
30 20'' and 70°C, most preferably between 40° and 60*^0 for a duration of between 30 
minutes and 12 hours, preferably between 2 and 10 hours, most preferably between 6 
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and 8 hours. The duration of the reaction provides a balance between allowing the 
silicon to be delivered slowly from the organic phase into the molecular framework 
of the microporous material^, thereby minimising the possibility of forming a dense 
framework which would be impenetrable and of no value as an anion exchange 
5 material, and the economic demands of speed and efficiency of reaction. 

The thus formed microporous material is most conveniently isolated from the 
reaction mixture by filtration, and is then washed and dried ready for use. Thus, the 
* method of the present invention offers a convenient and reliable technique for the 
10 preparation of the microporous materials which comprise a positively charged 
firamework, and thereby offers a means for the preparation of inorganic anion 
exchange materials having potential applicability across a wide range of industries, 
specifically in the field of waste treatment and effluent disposal. 

15 The method of the present invention allows for the preparation of silicon phosphate 
in 90% yield, and shown by X-ray fluorescence spectroscopy to have the elemental 
composition SiP04. 
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CLAIMS 

1 . A microporous material which comprises a positively charged firamework. 

5 2. A microporous material as claimed in claim 1 which comprises a 
■ silicophospbate structure. 

3. A microporous material as claimed in claim 1 or 2 having a framework 
density in the range of 12.5 to 20.5. 

10 

4. The use of a microporous materisd >^ch comprises a positively charged 
framework as an anion exchange material. 

5. , The use as claimed in claim 4 which comprises the treatment of waste 
15 ' materials in effluent streams. 

6. The use as claimed in claim 5 which comprises the removal of undesirable 
anion species from solutions in the nuclear power industry. . 

20 7. The use as claimed in claim 6 wherein tih.e anion species comprises 
pertechnetate anions. 

8. An inorganic jnaterial for use as an anion exchange resin. 

25 9. A microporous material for xise as an anion exchange resin. 

10. A silicophosphate for use as an anion exchange material. 

11. An anion exchange material which comprises an inorganic material. 
30 - 

12. An anion exchange material which comprises a microporous material. 



13 . An anion exchange material which comprises a silicophosphate, 

14. A method for liie synthesis of a microporoiis material which comprises a 
positively charged framework, wherein said microporous material comprises 

5 a silicophosphate, said method comprising: 

(a) providing a two-phase system compriskig: 

(i) an organic phase comprising an organosilicon 
compoimd; 

(ii) m aqueous jphase coinprising a phosphoric a^^^ 
10 (iii) a phase transfer agent; 

(iv) a structure directing agent; and 

(v) a buffering agent; 

(b) stirring and facilitating reaction between the reaptants; and 

(c) isolating the product. 

15 

15. A method as claimed in claim 14 wherein said organic phase comprises an 
alcoholic phase. 

16. A method as claimed in claim 15 wherein said alcoholic phase comprises t- 
20 butanol or isoamyl alcohol. 

17. A method as claimed in any one of claims 14, 15 or 16 wherein said 
organosilicon compound contains a labile group capable of reaction with 
phosphoric acid. 

25 . 

18. A method as clahned in claim 17 wherein said organosilicon compound 

comprises a tetramethylsilyl halide. 

19. A method as claimed in claim 18 wherein said tetramethylsilyl haUde 
30 comprises tetramethylsilyl chloride or tetramethylsilyl bromide. 
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20. A method as claimed in any one of claims 14 to 19 wherein said phosphoric 
acid comprises metaphosphoric acid or polyphosphoric acid. 

21. A method as claimed in any one of claims 14 to 20 wherein said phase 
5 transfer agent comprises an organic sulphonate salt. 

22. A method as claimed in claim 21 wherein said organic sulphonate salt 
comprises atolnene-4-siilphonate salt 

10 23. A method as claimed in claim 22 wherein said toluene-4-sulphonate salt 

#. 

comprises sodium toluene-4-sulphonate. 

24. • A method as claimed in any one of claims 14 to 23 wherein said structure 

directing agent comprises cations. 

15 

25. A method as claimed in claim 24 wherein said cations comprise tetraalkyl 
ammonium cations. 

26. A method as clahned in claim 24 oir 25 wherein said structure directing agent 
20 comprises tetraethyl ammonium chloride or tetraethyl ammonium bromide. 

27. A method as claimed in any one of claims 14 to 26 wherein said buffering 
agent comprises an ammonium salt. 

25 28. A method as claimed in claun 27 whwein said ammonium salt comprises 
, ammonium acetate. 

29. A method as^ claimed in any one of claims 14 to 28 which proceeds at a 
temperature of between 0** and 100°C. 

30 
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30, A method as claimed in claim 29 whicli proceeds at a temperature of between 
20*^and70°C. 

31: A method as claimed in claim 30 which proceeds at a temperature of between 
5 '40°and60°C. 

32. A method as claimed in any one of claims 14 to 31 which proceeds for a 
duration of between 30 minutes and 12 hours. 



10 33. A method as claimed in claim 32 which proceeds for a duration of between 2 
and 10 hours. 

34. A method as claimed in claim 33 which proceeds for a duration of between 6 
and 8 hours. 

15 

35. A method as claimed in any one of claims 14 to 34 wherein the microporous 
material is isolated firpm the reaction mixture by filtration. 

36. A microporous material substantially as hereinbefore described and with 
20 reference to the accompanying descMiption, 

37. The use of a microporous material substantially as hereinbefore described and 
with reference to the accompanying description. 

25 38. An anion exchange material substantially as hereinbefore described and with 
reference to the accompanying description. 

39. A method for the synthesis of a microporous material substantially as 
hereinbefore described and with reference to the accompanying description. 

30 
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ABSTRACT 

The invention provides a microporous material whicli comprises a positively charged 
framework and has potential application as an anion exchange material, typically in 
5 the treatment of waste materials in effluent streams, for example in the nuclear power 
industry. The microporous material facilitates the removal of midesirable anion 
species from solutions. A preferred stracture comprises a silicophosphate comprising 
tetrahedfa of P04*^ and Si04, and the invention also provides a method for the 
synthesis of a siHcophosphate using a two-phase system which includes an organic 
10 phase comprising an organosilicon compound and an aqueous phase comprising a 
phosphoric acid. 
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